Although tuberculosis (TB) is a curable disease that can be prevented, it is an important public health issue in Argentina. Each year, more than 10,000 new cases and more than 800 deaths caused by this disease are reported. The geographic distribution of TB in the country is not uniform as in the rest of the world.
a The nonadherence to treatment is considered one of the main obstacles for the control of the disease due to the consequences of its discontinuation, associated with the social vulnerability of patients.
7
TB persists as a public health problem, despite the low cost of its diagnosis and treatment. These measures are part of the strategy of the directly observed treatment, short-course (DOTS) recommended by the World Health Organization (WHO) to reduce the nonadherence to the treatment, 25 which were adopted in Argentina and implemented with the Programa Nacional de Control de la Tuberculosis (PNCTBNational Tuberculosis Control Program).
b Although the implementation of the DOTS strategy has been carried out in the country for the last 10 years, the proportion of cases who have gave up treatment was 12.0% in 2010, one of the highest in recent years. c Studies address the treatment adherence from a focus based on environmental factors 12, 24 and the individual factors related to the patient. 1, 4, 5, 13, 16, 18, 22 The occurrence of TB and its consequences to health are related to the social conditions. 20 To understand its behavior in a territory and its determinants it is essential to establish equitable actions that aim at reducing inequalities and improve adherence to the treatment. d The ecological studies aims to identify, based on social characteristics and on the territory, relations with the distribution of diseases and health outcomes, considering the different hierarchical levels of the determinants.
INTRODUCTION
The objective of this study was to identify patterns of spatial distribution of the proportion of nonadherence to the tuberculosis treatment and its associated factors.
METHODS
This spatial-ecological study was conducted in seven municipalities of the Sixth Health Region (6 th HR) in the Buenos Aires metropolitan area (BAMA) (where there are 116 census fractions - Figure 1 ): Almirante Brown, Avellaneda, Berazategui, Esteban Echeverría, Ezeiza, Lomas de Zamora and Quilmes. The two other municipalities that are also part of the 6 th HR (Lanus and Florencio Varela) could not be included because the locations did not have an Ethics Committee to evaluate the cross-sectional protocol of the study that provides the georeferenced cases (adherence and nonadherence). 
The 6
th HR has about 3,653,000 inhabitants, and it is the most populated region of Buenos Aires.
f It also concentrates 13.0% of all reported cases of TB in the country and it is the sanitary region that has the largest number of TB cases in the province every year, with the highest dropout index (25.0%) and the lowest DOTS coverage (12.0%). g All cases reported, from households in the municipal districts selected by the 6 th HR and treated at health services located in the region in 2007, were referenced. This was possible because these individuals participated in a study that aims to identify the foreknowledge of the nonadherence to tuberculosis treatment in these municipalities. 1 We also calculated the proportion of nonadherence to the TB treatment for the census fractions (analysis units in this study) of the municipalities of 6 th HR.
The information has been grouped into three types of indicators according to the census classification. to the presence of wastewater treatment; electricity per household; gas network; at least one block paved; regular waste collection service at least twice a week; public transportation within 300 m. The proportion of households was considered according to the type of the pavement's predominant material, water supply system, presence or absence of public water network, and type of health service.
We considered the following: proportion of households grouped according to overcrowding (three or more persons per room); lack of basic needs (overcrowding, housing, sanitation, education, and subsistence capacity); index of household material privation (IHMP); h economic situation of the family; and the presence of refrigerator, freezer, landline or cell phone, microwave, computer with Internet connection, kitchen with sink and piped water in the residence.
We considered the proportion of population according to sex, age, health plan, marital status and literacy. Moreover, we considered the ratio of individuals according to educational level, state of activity and of retirement contribution (contributes and is discounted; does not contribute nor receive discount; no remuneration).
The statistical software package Stata 10.0 and two geographic information systems, ArcView 3.2 and GeoDA 8, were used to elaborate maps and perform the spatial analysis. The dropout rate was calculated by dividing the number of cases of nonadherence by the total number of patients who have started the h According to the National Institute of Statistics and Censuses (INDEC), and the Index of Household Material Privation (IHMP) it is a variable that identifies the residences according to their material deprivation in two dimensions -material and patrimonial resources. In relation to the Unsatisfied Basic Needs (UBN), the households with this characteristic have at least one of the following indicators of deprivation: overcrowding (more than 3 persons per room); housing (living in an improper location [leased place, hotel or pension room, shack, place without rooms], not considering house, apartment and farm); health conditions (without water-closet); school attendance (with at least one school-age child [6-12 years] who do not attend school); subsistence capacity (with four or more individuals per family unit, whose responsible has not concluded the third grade of Elementary School).
treatment in each unit of analysis (census fraction). The
Bayesian and Freeman-Tukey square-root transformations, empirical for these measures, were calculated having as a reference the set of fractions of the municipal census. The thematic maps with these proportions were elaborated to choose the most appropriate way to present the spatial distribution patterns.
The exploratory analysis of the area characteristics and the nonadherence ratio distribution were also performed. The multifactorial analysis was performed with linear regression. In this model, the independent variables were the sociodemographic and socioeconomic characteristics of the groups and the areas related to dropout cases. The dependent variable was the "nonadherence". The variables applied in the multiple linear regression model were those that had a significant association (p < 0,20) in the bivariate analysis. The final model included variables with a significance level of p = 0.05 and those considered essential for the explanatory model.
The study protocol was approved by the Ethics Committee of each hospital included.
RESULTS
The city of Avellaneda had residences with better overall conditions and available basic services. It was also the city with the lowest variations for each indicator of the census fractions. On the other hand, the city of Ezeiza, with the worst situation concerning most part of the analyzed indicators, had high variations in the census fractions. The distribution of the population was more homogeneous among municipalities, although the city of Avellaneda generally has the best situation regarding indicators (Table 1 ).
The risk of nonadherence was higher in areas with highest proportion of households without public transportation within 300 m (ρ = 0.21), as well as in areas with the highest proportion of residences that do not have refrigerator (with or without freezer) (ρ = 0.17) and those that have water-closet without flushing system or without water-closet (ρ = 0.17). The risk of nonadherence to the treatment was higher in areas with the highest proportion of households with UBN related to subsistence (ρ = 0.26) and with a greater proportion of active population composed of workers that do not receive nor make social security contributions (ρ = 0.21) ( Table 2) .
The employed population groups -those that do not receive from nor contribute to the system of Social Security Retirement -were more prone to nonadherence (p = 0.007). Those who had the subsistence capacity as a deprivation of a basic need also had higher risk of not adhering to the treatment (p = 0.032). The probability of nonadherence increased for households that do not have public transportation network in area within 300 m (p = 0.070). However these results were not statistically significant (Table 3) .
Regarding the proportion of the active population that make no contributions to retirement funds, we could observe two stripes with lighter areas and a peripheral area demarcated out of it (dark areas) (Figure 2, A) .
We also observed a concentration of census fractions of the population that do not make retirement contributions nor receive them. The same pattern of distribution was observed in all the region, that is, dark areas at the peripheral region and lighter color fractions at central areas where is the largest proportion of dropouts. Regarding UBN related to subsistence capacity (Figure 2, B) , the highest percentage of residences with this deprivation is concentrated mainly in two uniform places: Lomas de Zamora and Quilmes. About the availability of public transportation within 300 m (Figure 2 , C), we observed three stripes with lighter areas and a periphery demarcated beyond these areas, with lower percentages of availability of this service, where the proportion of nonadherence was higher, predominantly in Lomas de Zamora, the border with the capital, in the city of Quilmes, mainly between Lomas de Zamora and Almirante Brown border, and most part of Ezeiza.
DISCUSSION
The areas with the highest proportion of population that do not receive nor contribute to retirement funds had a larger proportion of nonadherence to the treatment. That situation was also observed in areas with larger amounts of UBN households according to their subsistence capacity, and in the areas with the highest proportion of residences that had no public transport service within 300 m. The latter variable was included in the final model, albeit its statistical significance were close to the significance level (p = 0.05), whereas it is the only variable related to accessibility barriers. On the other hand, the model that includes only the first two indicators ("do not receive benefits from nor make contributions to retirement funds" and "UBN related to subsistence capacity") do not differ on quality of the adjustment to the model, which also includes the transportation variable. The analyzed studies of ecological type are important for diagnosing the population health, especially when the territory is analyzed in an exploratory way for the verification of the spatial distribution pattern of a particular health event.
15-23
Rose 19 has claimed that two aspects should be considered in the etiology of health problems: the causes of individual cases and the determinants of disease rates among populations. In this sense, although strategies are essential for the individual risk prevention and protection of individuals susceptible to treatment dropout, identifying the dropout determinants among populations is particularly relevant to the control of the disease. 23 The analysis of risk variability at the ecological level is essential for understanding the social determinants of health and diseases and allows for the investigation of the hypothesis that the distribution of nonadherence in an area is related to the living conditions.
23
The ability to finish the treatment is influenced by the living conditions of the area in which the TB patients live. The proportion of nonadherence was higher in areas with the highest proportion of residences that do not have a public transport network in within 300 m, indicating difficulties related to access and mobility of the population. This indicator may be a proxy for other features of the area related to the availability of resources and services. The highest dropout rate was observed in areas with low levels of piped water and paved streets. The reason why these indicators have not been included in the final model may be due to the small number of cases that have or not joined the study.
The results indicate higher dropout proportion in areas with the highest proportion of households with poor conditions and lower level of resources, as is the case of residences that have no refrigerator, or have water-closet without flushing system, or do not have water-closet. These results indicate a lower socioeconomic level in these areas.
The association between socioeconomic level and nonadherence to TB treatment has been analyzed in different countries and regions. 6, 8, 10, 16, 22 In our study, the fact that tuberculosis has free treatment suggests that different factors related to treatment costs determine the nonadherence of patients of low socioeconomic level.
There are other characteristics of the population associated with the largest dropout proportion, which are related to an increase in socioeconomic status of vulnerability in households with higher job insecurity, with lower levels of formal education of the head of household, and a lower number of individuals employed per household. The areas that had a higher percentage of households with four or more people per family member employed and which head of household has not completed the third grade of Elementary School (UNB per subsistence capacity) had a higher proportion of nonadherence. This indicator is a proxy for the level of household income according to the quantity of family members employed in relation to all members that are part of the family unit. For its turn, this indicator also measures the lack of goods and services that are necessary to live and for an individual to feel part of the society based on a conception of poverty as "deprivation".
i These results are consistent with other studies that indicate that low income households are associated with the worst health outcomes.
d On the other hand, this UBN indicator includes the education level of the head of household. The studies that include the educational level in their analysis found a statistically significant association with adherence in the areas with a population with lower educational level. d We have observed an increase in the proportion of nonadherence in areas where the population has Incomplete Elementary School. Several studies have shown that education can influence health practices of a population in its association with income level, employment conditions, as well as in its association with the level of knowledge that people have about these practices.
21
The areas with the highest proportion of individuals employed without social protection have a higher percentage of nonadherence. Several studies have pointed out the influence of patients working conditions on the nonadherence to treatment.
17
Thus, employment reduces the ability to follow the treatment in the context of high rates of informal employment and low-income without social protection, since that means for patients losing working days and income, i.e., basic income, as shown by Balasubramanian et al. 2 In the study by Galiano & Montesinos, 11 the highest rate of dropouts was also associated with the condition of being male, employed and without social protection.
A limitation of this study is the use of the data from the 2001 National Census of Population and Households, h since the up-to-date socioeconomic indicators were not available in the period in which the nonadherence cases were evaluated. This is the first study conducted in Argentina with the purpose of detecting spatial distribution patterns of demographic and socioeconomic characteristics of the region and its relation with treatment dropout. The technological advances of geographic information systems (GIS) have allowed the incorporation of spatial structure of variables, with the advantage of analyzing the problem as a particularized social phenomenon in socioeconomic and sociodemographic conditions. 15, 23 The GIS and analysis of secondary data (census) are useful tools to identify the areas and conditions relevant to the process of nonadherence to TB treatment and for the monitoring based on territory to identify the preferential population groups.
The increase in the proportion of nonadherence to TB treatment in 6 th HR is related to residences in areas with the highest proportion of active people that do not contribute to retirement funds, higher proportion of households deprived of basic needs (per subsistence capacity), and higher proportion of households that do not have public transportation within 300 m. Our results lead us to establish a risk area to the nonadherence to treatment, characterized by a greater proportion of population living in poverty, poor working conditions, and with difficult access to public transportation. This information may result in the adoption of appropriate measures for the treatment of individuals that live in these areas and to reduce the risk of dropout.
